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Neutrinoless Double Beta Decay (0ɜɓɓ)
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ÅMassive Majorana Neutrinos

ÅLepton Number Violating Process

ÅAbsolute Neutrino Mass Scale
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Searching For 0ɜɓɓ

Å0ɜɓɓin 136Xe 
ÅDecays to 136Ba

Å2ɜɓɓobserved in 136Xe                         
(ὝȾ ςȢρφυπȢπρφπȢπυωØρπώὶί) [1]

ÅQ-Value of 2458 keV

ÅPrevious EXO-200 limit on 0ɜɓɓ
T1/2

0ɜɓɓ> 1.1 x 1025 yrs [2]

Å136Xe as Detector
ÅXenon produces ionization and light signals 

ÅAlso use Xenon as the detection medium

[1] Phys. Rev. C 89, 015502 (2013)

[2] Nature 510, 229 (2014) 

136Xe Ą 136Ba + 2e- + 2ʉ
136Xe Ą 136Ba + 2e- Q-Value

2% FWHM

2˄ʲʲ: 0˄ ʲʲ
100:1



EXO-200
ÅEXO-200 uses a Liquid Xenon (LXe) Time Projection Chamber (TPC) to search for 

0ɜɓɓDecay

ÅUses 110 kg active volume of Xe136

ÅLocated in a Salt Mine at the Waste Isolation Pilot Plant (WIPP) near Carlsbad NM



EXO-200 TPC

ÅTwo identical back to back TPCs

ÅFull 3D Reconstruction 

ÅIonization signal readout by crossed wire 

planes 

ÅScintillation (175nm) collected by APDs



Energy Measurement

Reconstructed energy, 228Th calibration:

ÅResolution improvement by combining Anti-Correlated Charge and Light 

Signals 

ÅAlphas Rejected using Light to Charge Ratio

Scintillation vs. Ionization, 228Th calibration:

ALPHA CUT



Background Discrimination

Energy spectrum, 228Th calibration data, SS:
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Energy spectrum, 228Th calibration data, MS:

Rotated energy [keV]
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Single-Site (SS)Å0ɜɓɓsignals produce single energy deposits

ÅMany backgrounds deposit energy in multiple 

locations from Compton Scattering

ÅClassify events as Single-Site (SS) or Multi-Site 

(MS)

ÅSS Fraction for gammas in ROI is  ~20%



Timeline of EXO-200 Data Taking

ÅPhase-1

ÅSep 2011 to Feb 2014 (596.7 days of livetime)

ÅFeb 2014 WIPP incident closed access

ÅPhase-2

ÅRegained access in 2015

ÅHardware Upgrades and Raised Cathode Bias

ÅRestarted Data Taking

Cumulative Livetime

Phase I Phase II



Detector Upgrades
Å Front End Electronics Upgrade

ÅReduced APD Noise 

Å Increased the Cathode Bias

Å -8kV Ą -12 kV

Å Improvement to Energy Resolution:

ÅPhase-I: ů/E(Q) = 1.38%

ÅPhase-II: ů/E(Q) = 1.23%, steady

228Th Calibration Data



Improved Background Discrimination
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Collection signal 

in 2 wires

Collection signal 

in 1 wire

Short rise time

Long rise time

z/timex/y

2.5MeV ɔ

attenuation 

length: 8.5cm =

LXe self -shielding:

ÅSpatial and size information can also be used to 
further improve discrimination

ÅStandoff Distance 

ÅRate of gammas entering detector are 
exponentially reduced by LXe self shielding

ÅGives independent measure of Gamma 
Backgrounds

ÅRise Time

ÅEstimate of longitudal size of cluster

ÅNumber of Channels Hit

ÅEstimate of transverse size of clusters 



Improved Background Discrimination

ÅAdditional Discrimination using event size and 
position

ÅCombine using a Boosted Decision Tree (BDT) 
to determine new 0ɜdiscriminator

ÅBDT Ą ~15% sensitivity improvement

ÅFit using 3 discriminators (Energy, Multiplicity, 
BDT)

226Ra

2ɜɓɓ 0ɜɓɓ

SS events

Energy

MS events

Energy

SS-fraction

Qʲʲ



No statistically significant 

excess: combined p-value ~1.5ů

Fit Results

arXiv: 1707.08707

Background index ~ 1.5Ñ0.2 x10-3 / (kg.yr.keV)



New EXO-200 Results

Sensitivity of 3.7x1025 yr (90% CL)

T1/2
0ɜɓɓ> 1.8 x 1025 yr

F¾mɓɓF¿< 147 ï398 meV

(90% C.L.)
arXiv: 1707.08707

Contributions 
to BQ±2�•

PhaseI (cts) Phase II (cts)

232Th 15.8 4.8

238U 9.4 4.2

137Xe 4.4 3.6

Total 30.7±6.0 13.2±1.4

Data 43 8

Livetime Exposure Limit (90% CL)

Phase I 596.7 d 122.0 kg.yr T1/2
0ɜɓɓ > 1.0x1025 yr

Phase II 271.8 d 55.6 kg.yr T1/2
0ɜɓɓ > 4.4x1025 yr


